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Of the existing numerical approaches to investigating phylogeny, maximum parsimony methods have been used most extensively (9) . These methods minimize the amount of evolutionary change required to explain the available data. Maximum parsimony comparisons of partial cytoplasmic 18S ribosomal RNA (rRNA) sequences from chelicerates (spiders and scorpions), myriapods, crustaceans, and hexapods support the hypothesis that these arthropods are monophyletic relative to annelids and mollusks (10, 1 1). However, bootstrapping (12), a statistical method for obtaining an estimate of error, does not support this hypothesis (11) . In contrast to maximum parsimony analyses, evolutionary parsimony analysis of a subset of these data does not suggest arthropod monophyly (13) . Because there are relatively few 18S rRNA transversion positions (11), we sequenced a segment of the mitochondrial small ribosomal subunit, 12S rRNA (14) , in order to investigate the phylogenetic position of onychophorans and the monophyly of arthropods. This region of 12S rRNA was chosen FIg for the analysis because previously it has been useful over a broad taxonomic range (14, 15) .
DNA from 31 terminal taxa was prepared (16) , and the 12S rRNA region was amplified by polymerase chain reaction and sequenced (17, 18) . Nine additional 12S rRNA sequences (19) were derived from the literature. We analyzed nucleotide sequence variation by maximum parsimony with the computer programs PAUP (20) and Hennig86 (21) (Fig. 3A) and by neighborjoining analysis using PHYLIP (22) (Fig. 3B) . In parsimony analyses, gaps introduced to improve alignment were scored as ambiguities (missing information). Although the resulting hierarchical tree structure presented evidence for monophyly of the component groups, additional testing in support of monophyly was required. In this study, monophyly or T-PTP testing (23, 24) and bootstrap (12) tests were applied to parsimony and neighborjoining analyses, respectively.
Maximum parsimony analyses with T-PTP testing indicate that arthropods include onychophorans and are monophyletic relative to annelids and mollusks (Fig. 3A) . This proposal is supported by neighborjoining analysis with bootstrapping (Fig. 3B ). Annelids were chosen as an appropriate outgroup to evaluate arthropod relationships in subsequent analyses with T-PTP testing (25) . Parsimony analyses suggest that onychophorans form a sister group to chelicerates and crustaceans plus hexapods, but T-PTP testing shows the available 12S rRNA data cannot significantly resolve this trichotomy (Fig. 3A) . In comparison to these results, neighborjoining analysis suggests that onychophorans and chelicerates are sister taxa (Fig. 3B) . These data imply that onychophorans are a highly specialized assemblage, neither a primitive "missing link" nor an appropriate outgroup for analyzing arthropod phylogenetic relationships. Parsimony analyses with T-PTP testing further indicate that myriapods represent the earliest arthropod branch and are the sister group to the remaining taxa including a monophyletic crustacean plus hexapod assemblage. This suggests that the diverse eye structures of myriapods are primitive and not derived (8) and that the morphological criteria used to unite the atelocerates result from convergent evolution and are not shared derived characters (6) . Phylogenetic analyses indicating that myriapods are basal to the remainder of the arthropoda suggest that the assemblage is older than previously thought. A myriapod-like fossil recently described from marine deposits in the Middle Cambrian superficially resembles Portalia and Redia from the Burgess Shale (26) . The later fossils were originally described as holothurians (sea cucumbers) (27) but a more recent evaluation concluded their relationships are problematic (28) .
Data obtained from 18S rRNA (10, 11) support some of the evolutionary relationships proposed in our reconstructed parsimony analyses. Field and co-workers (10) reported that the myriapod occupied an unexpectedly deep position in their tree; however, they had difficulty placing it because of the long branch length. Maximum parsimony analyses with additional 18S rRNA sequences (11) suggested that myriapods and chelicerates are the sister group to crustaceans plus hexapods. Although this tree was not well supported, no trees within 1% of the most parsimonious recognized a monophyletic myriapod plus hexapod assemblage (1 1). Parsimony analyses of both 12S rRNA and 18S rRNA sequence data cast doubt on the monophyly of atelocerates.
Within the major assemblages, general congruence with independently derived phylogenies provides additional support for our reconstructed tree (Fig. 3A) . Within onychophorans, Plicatoperipatus jamaicensis was the sole member of the family Penipatidae sequenced. This family is the sister group to the family Peripatopsidae. Within Peripatopsidae, the unnamed Atherton species is electrophoretically (29) and morphologically (30) distinct from Euperipatoides. Phylogenetic inferences generated from 18S rRNA analyses support monophyly of the chelicerates (11) and the crustaceans used in this study (31 ) . There is also high congruence between 12S rRNA and morphologically derived trees within dipteran hexapods (32) . Hexapod phylogenetic relationships are complicated by the accumulation of nucleotide substitutions in the 12S rRNA of the thysanuran Ctenolepisma longicaudata. The reconstructed tree clusters C. longicaudata and the hemipteran, Magicicada tredecim. However, T-PTP tests do not support monophyly of this clade. Additional sequences will be required to resolve relationships between these hexapod orders.
These data demonstrate that 12S rRNA sequence data can resolve arthropod relationships over a broad taxonomic range. Some further corroboration of the significant monophyletic groups is found using 18S rRNA sequence data and electrophoretic and morphological characters within arthropod assemblages. We propose that arthropods include onychophorans and are monophyletic. Moreover, we cannot find support for monophyly of uniramians or atelocerates and suggest phylogenetic relationships within arthropods should be reassessed. Our reconstructed tree represents conspecifics trigger the development of defenses that reduce predation rates (2, 4) . However, induced defenses have been shown to incur a fitness cost through a reduction of growth or reproduction or both (2, 4, 5) . Here, we report on a predatorinduced change in body morphology in a vertebrate, the freshwater fish crucian carp (Carassius carassius). Crucian carp are extremely vulnerable to predation (6, 7) . In lakes with piscivores, especially pike Esox lucius, crucian carp populations consist of a small number of large individuals (6) . However, without piscivores, crucian carp form dense populations of small individuals (6) (7) (8) . The body morphologies of monospecific pond populations and multispecies lake populations differ, with lake individuals much deeper bodied. The two morphs originally were considered as separate species (Cyprinus vulgaris and C. gibeijo); however, in the early 1800s it was shown by transplant experiments that these two species were one (9) . The presence of two morphs has previously been considered a result of differences in resource levels; however, we show that increased body depth can also be an inducible morphological defense that reduces the risk of predation.
For part of a study evaluating the effects of trophic structure on freshwater communities, we divided into halves two small, eutrophic ponds (Severin's and Mats' ponds, 0.1 ha each) with monospecific crucian carp populations and introduced pike into one half (10) . After 12 weeks, crucian carp had diverged in body shape; in pond sections with pike, carp tended to have a deeper body (Fig. 1) . Given this result, we hypothesized that the change in body morphology could be a result of several things: (i) selective predation, (ii) an increase in resource availability, or (iii) a predator-induced phenotypic modification of body shape. The small variance in body depth and the absence of overlap between treatments (Fig. 1) suggested no polymorphism with regard to this trait in the original population; thus, selective predation on genetically determined morphs could not account for the increase in body depth.
High resource availability may be responsible for the shift in morphology, as suggested by a study in Finland where crucian carp increased in body depth when introduced at a low density of 187 fish per hectare to a fishless pond (8) . In our ponds, the reduction of the crucian carp density by pike permitted an increase in the density of large, cladoceran zooplankton (l 1). This increase in food availability in the pike section could account for the differences in the carp body depth. However, in another experiment we transplanted crucian carp from a pond with a mal.IRPRI
